It is correct that one can estimate the elevation angles by using [1, Eq. (25)], because the direction cosine relative to the z-axisv k only contains the information of the elevation angle k . However, the elevation angle estimate k and (82;x) kk in [1, Eq. (32)] are not one-to-one related to the direction cosinesv k andŵ k (k = 1; 2; . . . ; K), respectively. Thus, the expression of [1, Eq. (32)] is incorrect. At the same time, it is worth mentioning that the so-called two L-shape algorithm in [1] has the similar problem in pair matching.
. Scatter plots of estimated direction cosine pairs obtained from 1000 independent trails with the method in [1] . A 19 elements array, L = 500 number of snapshots and SNR = 15 dB are used. It is correct that one can estimate the elevation angles by using [1, Eq. (25) ], because the direction cosine relative to the z-axisv k only contains the information of the elevation angle k . However, the elevation angle estimate k and (82;x) kk in [1, Eq. (32)] are not one-to-one related to the direction cosinesv k andŵ k (k = 1; 2; . . . ; K), respectively. Thus, the expression of [1, Eq. (32) ] is incorrect. At the same time, it is worth mentioning that the so-called two L-shape algorithm in [1] has the similar problem in pair matching.
To remove this problem, coupling information must be employed. We can resort to the "rotational perturbation" method proposed by A. J. van der Veen et al. (see [2] and [3] for more details) to pair the respective members of two sets of estimates. The same numerical example as Fig. 1 is conducted to evaluate the pairing performance, and the results are presented in Fig. 2 . We observe that no failure occurs after applying the rotational perturbation method. The objective of the previous paper [1] , was to avoid any direction of arrival angle (DOA) estimation failures, which happened for the two-dimensional (i.e., elevation and azimuth) estimation scheme proposed in [2] when elevation angles are between 70 and 90 degrees. Therefore, in [1] , the pair-matching problem, commented on by Shu et al. [3] , was not considered at all. Only the single source was sufficient for the study and used for simulation, and no two-dimensional DOA estimation failure was observed with the proposed scheme in [1] .
Note that the comment made by Shu et al. [3] is valid only if all incident sources have the same signal-to-noise ratio (SNR). This is a very rare case in practice. In general, incident sources have different SNRs at the receiver with probability one, and hence the method in [1] still can be used in practice to avoid both pair-matching problems and DOA estimation failure. This is because the source with the highest SNR will show the highest eigenvalue when the method in [1] is employed, the source with the second highest SNR will show the second highest eigenvalue, and so on. Therefore, the eigenvalues and the corresponding eigenvectors will be in order in practice.
To remove any pair matching failure for any cases, the authors in [3] suggested applying a known rotational perturbation method, which was originally proposed by Van der Veen et al. in [4] . However, this method is very computationally complex to implement.
In this reply, a novel method with low-complexity, but showing neither estimation failure nor the pair-matching problems, is described for the two-dimensional DOA estimation. The authors in [5] , [6] also proposed two methods different from that in [4] to achieve the automatic pair matching by employing the L-shaped array configuration. The method in this reply is also different from the ones in [5] , [6] . In this reply, an independently developed algorithm is presented by using the unitary root MUSIC and unitary MUSIC and changing the L-shape to a cross-shaped array configuration ( Fig. 1) . sources, where the kth source has an elevation angle k and an azimuth angle k , k = 1; . . . ; K.
Step 1: Estimation of Elevation Angle k For a given snapshot t, take the (2N + 1)2 1 output signal vector received at (2N + 1) elements on the z axis, which is written as 
where the time index t is dropped. Assuming a noise-free case, the Hermitian Toplitz data matrix in (2) can be rewritten in terms of B () 
where J and I are the exchange and identity matrices, respectively, with dimension (N + 1)=2 2 (N + 1)=2, and G satisfies
where Jz is the exchange matrix with dimension (N + 1) 2 (N + 1).
Equation (4) Then, pre-multiply the reconstructed data matrix 9 in (7) with G, postmultiply with G H , and take the conjugate. Then, it can be shown that 
because Y is a Toeplitz matrix, JY 3 J = Y H , and JJ = I. In other words, G9G H is real. Therefore, the proposed method uses a real-valued rank-revealing (RRR) QR factorization to estimate the 2-D elevation and azimuth DOA angles from coherent/non-coherent sources by using the real data matrix in (8). The real data matrix G9G H using the QR factorization can be expressed as 
The basis for the null space of the upper triangular matrix R is also a basis for the null space of G9G H from (10) and is donated as Ez = 0R 01 11 R 12
Since the uniform linear array is considered, the root MUSIC method can be applied to estimate the DOAs for the incident signals as
The roots of the polynomial in (13) can be used to estimate the elevation angle k of the incident signals.
Step 2 
The data matrix in (14) is rewritten in terms of 8 3 2 , s s s, and C (; ) as shown in (15)- (19), at the bottom of the page, where n n n x is a complex noise vector. Using the unitary transformation, the complex data matrix X in (15) 
By applying the same RRR QR factorization to (21), the basis Ex for the null space can be found in the same way as E z in (12). The azimuth angle estimation can be obtained using the estimation, which is already found in Step 1. By employing the unitary MUSIC search peak, k can be found from the maximum peaks of the following power spectrum: We thank Dr. Holzman [1] for his comments on our paper [2] . In the paper cited [2] , we regret that our reference search failed to uncover D'Angelo et al.'s conference paper [3] that had an emphasis on the finite element analysis of dipole phased arrays.
Although the stripline feed dipole in [3] and our double layered dipole are similar in feeding structures, there are still some essential differences between them. First of all, our double layered dipole in [2] is designed with a low cross-polarization level up to 040 dB, while the stripline feed dipole in [3] is in a drooping shape, which usually has a wider beamwidth but a higher cross-polarization. Since there are no results of the beamwidth or cross-polarization level available in [3] , we cannot make a quantitative comparison between these two dipoles. Moreover, in order to support the stripline, there is a slot on the ground plane in [3] , while our double layered dipole has a simple coaxial feed behind the ground plane.
